The Latvian RDP 2007-2013 targets renewable energy production from biomass of agricultural and forestry origins, where a total investment of EUR 45 million is predicted; besides, there are also additional opportunities for support of renewable energies in the farm modernization measures. The purpose of the study presented in the paper is to evaluate the support under the RDP 2007-2013 measures provided for the bioenergy production in Latvia by studying its tools, results and impacts. The main materials used for the studies are as follows: published and unpublished data from Central Statistical Bureau of Latvia (CSB) and Latvian Rural Support Service (RSS). The results show the support granted to biogas plants has been significant as it constituted almost half of the total support paid to the rural economic diversification measures in Latvia by 2014. Moreover, biogas plant projects were realized by the wealthy agricultural producers and are located in most productive agricultural Latvian regions, which contradict the aim of RDP. Despite the rapid increase in the amount of biogas (bioelectricity) produced, mainly due to the generous public support, as well as the fast development of the production of biomass (fuelwood), the total bioenergy consumption in Latvia is still below the target. Furthermore, the development of fuelwood production mainly contributes to meeting the RES targets in other countries, not Latvia, as it is mostly export oriented.
Introduction
Moving towards a low-carbon economy through, inter alia, the development of renewable energy and energy efficiency is a key priority for the European Union (EU) (Communities…, 2009 ). The new Directive (European Commission, 2009) on the promotion of the use of energy from renewable sources (RES) sets out national renewable energy targets that result in an overall EU target of at least 20% share of renewable energy in total energy consumption by 2020 to be achieved by each Member State (MS).
Rural development offers a range of possibilities to support farming practices and investments that can contribute to climate change mitigation efforts, including the increase of the use of Renewable Energy (RE) resources (ENRD, 2010). These challenges have been well recognized in the EU Rural Development Programmes (RDP) and addressed in their strategies. According to the objectives of the RDP and the rationale of the implementation of rural economy diversification measures, it should contribute to the additional income and employment creation or at least sustain the current levels of the activity. Along with these rural development objectives, supported bioenergy projects relate to energy objectives as well. The Latvian RDP 2007-2013 targets renewable energy production from biomass of agricultural and forestry origins, where a total investment of EUR 45 million is predicted; besides, there are also additional opportunities for support of renewable energies in the farm modernization measures (ENRD, 2010) .
The purpose of the study presented in the paper is to evaluate the support under the RDP 2007-2013 support measures provided for the bioenergy production in Latvia by studying its tools, results and impacts.
Object of the study -impact of RDP 2007-2013 support measures on bioenergy implementation, inter alia, development in Latvia.
Materials and methods. The principal materials used for the studies are as follows: different sources of literature, e.g. scholars' articles, research papers and the reports of institutions, including EC and governmental; published and unpublished data from Central Statistical Bureau of Latvia (CSB), data from Eurostat databases, as well as the published and mostly unpublished data from the database of Latvian Rural Support Service (RSS). The suitable qualitative and quantitative research methods have been used for various solutions in the process of study: monographic; analysis and synthesis; correlation and regression, data grouping, logical and abstractive constructional etc.
Biogas support measures in Latvian RDP 2007-2013
The main measure that promotes renewable energies is found under Axis 3, measure 312 -support for creation and development of microenterprises (including diversification into non-agricultural activities) -which includes a specific submeasure for the production of energy from biomass of agricultural or forestry origin. Also under measure 312, the other two sub-measures (development of micro-enterprises and diversification into non-agricultural activities of agricultural enterprises) support activities for the production of fuel derived from agricultural and forestry products in an existing enterprise (except production of biogas and its transformation into thermal energy). Under Axis 1, the key measure is measure 121 -modernisation of agricultural holdings -which includes investments in energy equipment and machinery (also for the production of bioenergy, predominantly for farmers' own consumption), including heating and ventilation equipment and machinery.
Biogas has become one of the leading technologies in the bioenergy sector and certainly has experienced a significant growth in Europe in the last few years. Taking into account that biogas can become one important way of creating new rural development and contribute to fulfil steps towards a more sustainable agriculture (Varn Doorn, 2012), inter alia, in the Baltic Sea Region (Luostarinen, 2014) , the support for bioenergy in the Latvian RDP 2007-2013 was provided by one dedicated measuresupport to biogas plants, which generate electricity and heat from biogas, with electricity being produced mainly for the sale. The support was also granted to the production of biomass of agricultural and forestry origin by two dedicated activitiesproduction of biomass in existing rural micro enterprise; diversification of agricultural enterprises in the production of biomass. It was possible to receive aid also for founding new micro enterprises, which could include and -as the implemented projects show -also included the production of biomass (Latvian Rural…, 2010). The support for these measures was provided as investment aid for new production machinery, equipment and buildings (including renovation). The standard support intensity was 40%. The interest for these support activities was so high that during the course of the programme, the allocated means to the dedicated biomass production support activities were restricted so as to give more possibilities to the development of other economic activities, and also the application conditions for the support for biogas plants were tightened -the condition restricting non-agricultural enterprises that have no guaranteed access to feedstock was introduced, followed by the condition to ensure that 30% of the feedstock consists of by-products of animal origin.
According to the RSS data, the aid granted to biogas plants was significant as it constituted almost half (48%) of the total support paid to the rural economic diversification measures in Latvia by 2014. Support paid to biomass production development projects added extra 8 percentage points to this already notable share. In regards to the number of supported projects, the contribution of biogas projects was only 4%, and the support for biomass production development went to 14% of the total number of supported diversification projects. This indicates that a large amount of public finances reached relatively small number of support recipients in Latvia.
Support to biogas plants within the framework of RDP was provided also in other EU countries, e.g. in Lithuania and Poland, to lesser degree also in Estonia, (ENRD, 2010). In Lithuania, though, the biogas production was promoted as part of modernisation of agricultural holdings -to be produced from agricultural and livestock waste and used for farm needs only; it was possible to receive dedicated investment support for perennial energy crops. Poland, like Latvia, supported biogas as well as biomass production. The number of biogas plants in some old EU Member States is very high, for example: 8700 plants in Germany, 1270 in Italy and 557 in France (Cocchi, 2014) . However, the development of biogas plants is less rapid than in other EU countries -Central and Eastern countries (new EU Member States), where the number of plants is lower than in Western European countries, but in others, such as Lithuania, Estonia, Romania and Bulgaria, thus number is lower than in Latvia (Fig. 1) . 
Bioenergy support results in Latvia
In terms of the public expenditures, by far the most important bioenergy support measure of RDP 2007-2013 was the aid to biogas plants. Coupled with very generous feed-in electricity tariffs, it stimulated rapid expansion -the programme supported establishing 38 new biogas plants before 2014. The public contribution for the measure totalled EUR 44.1 million. From the point of view of land conflicts (food versus energy), as well as considering that the support is provided for creating alternative income possibilities outside traditional agriculture, it could be expected that the production of biogas will be developing more in the regions, which are less suitable for agriculture and therefore lagging behind in agricultural activity. At present majority of the supported plants are located in the regions, which are active in agricultural production (Table 1) ; and almost 1/3 of supported plants are located in the leading region (Zemgale) of cereal production in Latvia. Moreover, the biogas plants are mostly located in the central region Zemgale, where fertility of soil is highest and share of arable land also is highest 
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Considering that each of the biogas plant projects cost EUR 2.9 million (average) with public contribution EUR 1.16 million (average), it can be concluded that the development of biogas plants has been determined by the possibility to obtain funding for such investments. Only three of the supported biogas plants have the installed capacity much below 0.5 MW, but still they invested total of EUR 0.7 million and more.
Therefore it is no surprise that biogas plant projects were realized by the wealthy agricultural producers, for whom this is one of the solutions to develop vertical expansion of their business per available UAA, as the further expansion of productive agricultural area is rather limited. It has been calculated that from the total of 302 thousand ha of unutilised agricultural land in Latvia (which possesses significant potential for food and energy from RES), about 93 thousand ha could be used profitably for agriculture (Pilvere, 2012) , although there are significant differences among the municipalities in the share of unutilised agricultural area, with the least availability in the most productive agricultural regions (RSS, 2013; Lenerts, 2012) .
According to the compiled data on the planned feedstock use for biogas generation, almost all agricultural biogas plants in Latvia use both crop and animal products; and some biogas plants in addition obtain biogas from food processing waste and by-products (Table 2 ). Agricultural and food processing waste and by-products along with manure account for slightly more than a half of the total amount of feedstock used for generation of biogas in Latvia ( Table 2 ). The rest is covered by green silage, with maize being the main crop. The total sown area of maize in Latvia has grown from 5.9 thousand ha in 2008 to 20.4 thousand ha in 2013 (the most rapid growth occurred in 2012 -area of maize almost doubled). However, up to now the total sown area has also increased in Latvia, and there has also been simultaneous increase in the sown area of cereals in all regions of Latvia. S. Luostarinen and K. Tybirk (2014) argue that only around 2% of all cattle; pig and poultry manure in the Baltic Sea region is being used currently. Subsequently, the unutilized potential for manure biogas is immense. The evidence from Poland, which is the country with similar agricultural structure to Latvia, shows that the development of biogas plants also in Poland has been mainly taking place in the regions with commercial agricultural production, largely because it is much easier to obtain feedstock for agricultural biogas production from the largest farms (human and financial resources also count). Although, unlike in Latvia, these regions specialize in livestock production and the basic feedstock is manure (Chodkowska-Miszczuk, 2012).
The use of dedicated crops to generate biogas in productive regions of agriculture in Latvia (especially when there is available supply of organic waste) contradicts the EC's position to use by-products, wastes and residues and other non food raw material for bioenergy, although up to now it by some extent could be justified by the yet unutilised land resources what is fairly unique characteristics of Latvia.
Along with setting up the biogas plants, Latvian RDP 2007-20013 also envisaged aid to solid biomass production development activities. The total public support EUR 7.6 million was allocated to 145 projects aimed to develop biomass production, mostly fuelwood and only few projects of straw and other agricultural origin materials, until 2014 (Table 3 ). Large part of the support goes to the existing microenterprises, which develop biomass production (EUR 4.5 million), where agricultural farms receive support of 1.2 million EUR, and almost the same amount of funding was granted to the new micro-enterprises establishing biomass production. Almost half of the supported biomass production projects have been realized in the Latgale region which is the least developed region in Latvia in terms of economic indicators (see Table 3 ). However, due to the comparatively small size of the projects the gain of the Latgales region reduces to 30% in terms of the total public support granted for biomass projects. These support activities have mainly contributed to the development of forestry origin biomass. The most popular fuelwood is wood chips (51% of the total support), the production of wood pellets is smaller (13%), and production of firewood, and wood briquettes have also been developed.
Bioenergy support impacts in Latvia
The extra revenues received from the sales of electricity generated by the supported biogas plants are impressive -each plant received revenues ranging from EUR 65 thousand to 2.9 million (EUR 1.04 million on average) from the sales of electricity to the public buyer in 2013 (MoE, 2014). The average output (revenues plus self consumption) per Latvian farm in 2012 was only EUR 56.8 thousand in comparison to the sales of bioelectricity (LSIAE, 2013). At the same time, subsidised bioelectricity sales created additional public burden resulting in higher electricity tariffs, about 0.005 EUR per kWh in 2013 due to electricity from biogas, which affected the energy costs of all agricultural farms. An opinion exists that the production of biomass is labour intensive because growing, harvesting and transporting biomass fuels require labour (Menegaki, 2007) . The data from the implemented bioenergy projects show that these projects created 246 new jobs; the number of preserved jobs reaches 1089. The biggest contribution of creation of new jobs has been made by fuelwood production projects, at the same time biogas projects met almost 90% of the target set for this measure in the RDP 2007-2013, as well as 60% of all preserved jobs have been due to the establishing of biogas plants. In general, preserved or created jobs due biogas projects implementation are very expensive.
Along with rural development objectives, supported bioenergy projects relate to energy objectives as well. In order to reach the binding target of 40% RES in energy, Latvia has set that electricity from RES has to reach 60% of electricity consumption in 2020 (MoE, 2010). Already from 2010, electricity from biogas should comprise 7.93% of total electricity consumption and electricity from biomass (possible also with fossil fuels) -4.97%. Despite the rapid increase in the amount of bioelectricity produced in Latvia since 2011 (mainly due to the generous public support), its share (3.6% in 2012) in the total bioelectricity consumption is still below the target (Krieviņa, 2014) .
In regards to bioenergy use in heating, there are no specific targets set either for the EU or for Latvia. There has been fast development of the production of different fuelwood (wood pellets, briquettes and wood chips) in Latvia in recent years, but it has mostly been export oriented (Fig. 2) . As seen in Figure 2 , the production of fuelwood show statistically growing trend (r=0.72; <0.1), the trend of consumption (not statistically significant) is not increased (r=0.19; >0.1), but the trend of export shows statistically significant growing (r=0.83; <0.05). in Latvia, 2008-2012 Latvia exported 86% of its produced wood pellets, 66% of wood briquettes, and 31% of wood chips in 2012 (CSB data, 2014), which makes it one of the leading exporters of wood fuels in Europe (Akyüz, 2010) . This has been a result of faster growing supply compared to domestic use what needs to be developed in Latvia. For example, in Sweden, which is the biggest producer as well as consumer of wood pellets in the world, there is both large consumption of pellets by households, as well as by district heating and combined heat and power plants (Selkimäki, 2010; Olsson, 2010) . Therefore, considering the overall tendencies in the sector, some of the supported biomass production development projects could make contribution to larger share of RES in heating of other EU countries, not Latvia.
Conclusions
The support paid to the development of bioenergy (especially for establishing of biogas plants) as part of rural economic diversification measures has been significant in Latvia, but the substantial public financial support has been received by relatively small number of support recipients.
The support to establish biogas plants using biomass has facilitated rapid development of agricultural biogas plants, but it can be still considered to be in the initial stage in Latvia, with the necessity to stimulate and make the participation in the process economically feasible also for smaller agricultural farms located in the regions with less favourable agricultural conditions.
Considering the availability of the supply of organic waste and the EC's position to utilize by-products, wastes and other non food raw material for bioenergy, the use of dedicated crops (mostly maize) to generate biogas in productive regions of agriculture in Latvia is contradictious, although so far it by some extent could be justified by the yet unutilised land resources in Latvia. Support to the bioenergy production has contributed to creating new jobs and retaining the existing ones in Latvian rural area. However, when it comes to the public costs per working place created or retained, employment opportunities have been very costly in biogas projects.
Despite the rapid increase in the amount of biogas (bioelectricity) produced, mainly due to the generous public support, as well as the fast development of the production of biomass -fuelwood (wood pellets, briquettes and wood chips) in Latvia, the total bioenergy consumption in Latvia (3.6% in 2012) is still below the settled target (7.93% from 2010), and the development of the fuelwood production mainly contributes to meeting the RES targets for other countries, not Latvia, as it is mostly export oriented.
